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Annexes
For eight of the case studies used in this work, descriptions are included here as 
Annexes 1 to 8. Some of these have been partially reported previously and where this 
is the case references are provided. The case study concerning Colombia has been 
reported previously and a copy of the paper concerned (Bartram et a l\99 \)  is 
included as Annex 9. The case study from Nicaragua to which the author provided 
advisory support, principally with regard to information management, has been 
reported at length by Young (1989).
A standard format has not been adopted in the case studies because of their inherent 
diversity and contribution to different elements of the thesis.
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Annex 1: Egypt 
Status Assessment for Egypt
Al l  Introduction
In 1993 a series of national status assessments of drinking water quality monitoring in 
Egypt, Pakistan and Yemen were prepared on behalf of the East Mediterranean 
Regional Office of the World Health Organization (Bartram, 1993a; Bartram, 1993b; 
Bartram 1993c; Bartram, 1993d). This activity involved observation of current 
practice through interviews with national, regional and local level staff, field visits 
and visits to laboratories and offices of environmental inspection agencies and training 
agencies.
The aspects relevant to rural water supply monitoring from the three studies are 
presented as separate annexes here and provide insights into the organisation and 
practice of drinking water supply monitoring in the three States concerned.
A1.2 Area and Population
The population of Egypt has increased dramatically over recent years and was 
estimated to be of the order of 54 million as of 1991 (Mullick, 1991). Annual 
population growth was estimated to be 2.3 per cent in 1989 with about 44 per cent 
living in rural areas (WHO, 1989).
Ninety nine per cent of the population live in the Nile valley and delta. Although the 
population outside this area is sparse there was a desire to locate populations outside 
this area and national initiatives such as the ‘New Valley’ project reflected this.
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Overall about four per cent of the country is covered by arable land. To the east of the 
Nile is the eastern (Arabian) desert - largely barren and bounded to the east by a ridge 
of mountains. To the west is the Western (Libyan) desert. To the east of the Suez 
canal is Sinai, varying from mountains to the south to desert coastal plains in the 
north.
A1.3 Institutional Aspects
Egypt was organised into 26 Govemorates, four of which were urban. Rural 
Govemorates were lead by the Governor as executive chief supported by an elected 
Popular Council. Govemorates were divided into Markaz, the executive head of 
which was the chief who was also supported by an elected Popular Council. The 
stmcture was repeated at village level, with the chief, an elected Popular Council and 
an executive Council appointed by the Govemorate.
A1.4 Water Supply Context
There were two principal sources of water for the country: the River Nile and 
groundwater. Water supply to much of the country was problematic and in desert 
Govemorates such as Red Sea, North and South Sinai and Matrouh, Nile water was 
supplied through extended pipelines and booster pumping. Desalination was 
sometimes practised, for instance in Matrouh and Sinai.
Estimates of coverage with access to safe drinking water varied widely. Urban and 
rural water supply coverages were estimated to be 100 and 90 per cent respectively in 
1989 (WHO, 1989) and 95 and 75 per cent respectively in 1991 (Mullick, 1991).
As of 1991 there were more than 70 large conventional plants for the treatment of 
surface water (Mitwally, 1991). Videnov (1991) stated that there were more than 500 
compact package plants of more than seven makes.
Rural water supplies derived from surface water, typically from the River Nile, were 
supposed to be chlorinated, but those derived from groundwater were not.
Integrated water supply systems which supply water to multiple centres of population 
were important in Egypt. These included the water authorities of Greater Cairo and 
Alexandria. The General Organisation for Greater Cairo Water Supply (GOGCWS) 
had a population in excess of 12 million in the area it supplied. The Alexandria Water 
General Authority (AWGA) is the water supply agency to all of the Govemorate of 
Alexandria, all of the Govemorate of Marsa Matrouh (through extended pumping) and 
about a third of the Govemorate of Beheira, supplying water to a stable population of 
about 4 million which swelled to five to six million in summer. In the Upper Egypt 
Govemorate of Fayoum the El Azab water works (supplied with water from a central 
conventional facility and a number of decentralised compact plants) supplied water 
through a single distribution network to half of the city of Fayoum and most of the
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rest of the Govemorate (a total population of the order of 1.9 million (El Azab Water 
Works et al 1993).
In contrast to these large, integrated systems, very many small, principally rural water 
supplies also existed. Thus for example in 1987 ORDEV had overseen constmction 
of some 2,177 water supply systems throughout the 22 mral Govemorates.
Some areas (such as Sinai) depended heavily on groundwater and groundwater quality 
(both related to naturally-occurring substances and anthropogenic contaminants) was 
an issue of concem. For groundwater-derived water supplies chlorination and aeration 
to remove dissolved iron and manganese were sometimes practised. In Daqahliya 
Govemorate (one of the largest and most densely populated Delta Govemorates) it 
was decided in 1991 not to plan development of any further groundwater sources due 
to poor quality and aquifer depletion (Videnov, 1991).
Piped drinking water supply was through both household connections and public 
standposts. For both types, secondary sources (such as shallow wells or irrigation 
canals) were commonly used because of discontinuous supply and problems with 
public standposts and also sometimes by preference (see for example El Azab Water 
works et al 1993).
A1.5 Water Quality Issues
At national level, the principal water quality issue as regards human health continued
to be faecal contamination. This was tme in a range of circumstances:
• Contamination of systems supplied with treated surface water. All systems are 
subject to occasional contamination, whether due to treatment breakdown or 
failures in distribution and the risk was considered high in the many smaller water 
supply systems (both rural and urban). This was particularly so where the system 
was un-chlorinated and/or supplied from small-scale conventional plants or 
package plants where quality controls tend to be less adequate.
• Groundwater is generally assumed to be of good quality. Nevertheless, 
chlorination was not universally practised and groundwater was said to be 
becoming increasingly affected by faecal pollution due to soakpits and discharge 
of domestic waste into drainage systems (Mullick, 1991). The risk of faecal 
contamination of systems supplied with water from groundwater sources may 
therefore have been underestimated.
• Because of recontamination at household level in all situations; thus for example a 
study cited by El Hennawy (1987) indicated that 42 per cent of household roof 
tanks in Alexandria were contaminated by faecal coliform bacteria though water 
quality in the distribution system was generally good.
• Finally, because of the common use of secondary sources such as shallow wells 
or irrigation channels which may generally be assumed to be of inferior 
microbiological quality.
230
A1.6 National Policy and Strategy
The situation regarding national policy towards drinking water quality and drinking
water quality monitoring was unclear, as was responsibility for policy development.
Thus for example:
• The remit of NOPWASD referred to policy, but it had no authority for water 
quality policy over - for example - the Ministry of Health or indeed over the three 
large water authorities. Furthermore were it to have exercised a policy-related 
mandate it would have had a conflict of interests as both policy maker and 
implementation agency. NOPWASD had an internal sanitation policy, but no 
water supply equivalent
• The High Committee for Drinking Water had apparently not met for around ten 
years but retained legal status. It was not possible to determine the extent of its 
responsibilities or authority, although they were said to encompass drinking water 
policy, specifications and standards.
• A law was due to be issued in September 1993 regarding the role of the Egyptian 
Environmental Affairs Agency (EEAA) which was likely to have given it a 
policy-development role. Since the EEAA was to be accountable directly to the 
Council of Ministers and would not be an implementing agency this would have 
been a conceptual improvement on the then existing situation.
• Discussions were ongoing regarding the creation of a Ministry of Environment. 
Were this to occur its relationship to EEAA - especially for policy making - would 
have become a key issue and the relative responsibilities of the Ministries of the 
Environment and of Health for drinking water in general and drinking water 
quality in particular would have required urgent clarification
A1.7 Institutions with a Role in Water Quality Monitoring
Although many of the roles necessary for effective water quality monitoring were 
assigned and to a greater or lesser extent fulfilled there was no effective agency to 
support sector-wide co-ordination or information sharing. For the purposes of rational 
sector planning the lack of a co-ordinating institution with general responsibility for 
policy development based upon a general overview including drinking water quality 
in the general context of drinking water supply was conspicuous.
The principal players involved in drinking water quality monitoring in Egypt were as 
follows:
• Water supply systems in Egypt were the responsibility of three big authorities, 26 
Govemorates and major industries. In the rural sector, the National Organisation 
for Potable Water and Sanitary Drainage (NOPWASD) was not a supply authority 
per se but played a supporting role to the Housing and Utilities sections of the 
Govemorates, which performed this role throughout the country.
• The Ministry of Health was responsible for surveillance of drinking water quality. 
It was stated by several individuals that the only agency with legal responsibility 
and authority to monitor drinking water in distribution was the health sector (ie 
Ministry centrally and equivalent within the Govemorates). The anomalous
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situation therefore arose that the suppliers who are responsible for water 
distribution are not responsible to monitor their own undertaking and resourcing 
for this activit}' was derived from the public sector and not the supply agency. A 
knock-on effect of this was to focus the health sector monitoring activities on the 
piped distribution network rather than on those sectors and systems presenting the 
greatest health risk such as household contamination, shallow and other private 
wells and secondary sources.
The Organisation for the Development of the Egyptian Village (ORDEV) is also of 
relevance to the rural sector. It is part of the Ministry of Local Government and was 
established in 1973 to improve the quality of life of rural communities. Its strategies 
are based upon integrated rural development; co-operation and co-ordination with 
Ministries, authorities and national and foreign agencies; and working through the 
local administration system to achieve decentralisation (El Shaabeiny, 1991). It has 
no technical duties in the field of water quality monitoring but co-ordinates the 
implementation of water supply at village level between central government and the 
Govemorates
A1.8 Sector Co-ordination
Responsibility for overall sector co-ordination and policy development was unclear. 
Thus for example the remit of NOPWASD referred to policy, but it had no authority 
for water quality policy over - for example - the Ministry of Health or indeed over the 
three large water authorities. Furthermore were it to exercise a policy-related mandate 
it would have had a conflict of interests as both policy maker and implementation 
agency. Similarly, the High Committee for Drinking-water appeared not to have met 
for around ten years but retained legal status and was said to have responsibilities that 
include drinking water.
The position was even less clear because of the imminent issuance of a law regarding 
the role of the Egyptian Environmental Affairs Agency (EEAA) which was likely to 
give it a policy development role. The EEAA was to be accountable directly to the 
Council of Ministers and not an implementing agency.
Discussions were ongoing regarding the creation of a Ministry of Environment.
In practice at the time of the assessment there was no inter-sectoral forum or 
mechanism to ensure information exchange and broad participation in policy 
development. This position appears to be similar across all aspects of sector co­
ordination.
The national water quality seminar held in Alexandria in 1987 (Commins 1987) noted 
amongst its conclusions that:
‘overall co-ordination o f effort o f different bodies seems essential; 
improvements in the feedback o f information to take needed action was 
considered to be most important ’
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and that
‘the lack o f proper co-ordination o f various activities involved in ... water 
supplies is hampering progress in improving the quality o f drinking water '
A1.9 Laws, Regulations and Standards
The Egyptian Standards for Drinking Water Quality valid at the time of the 
assessment were those approved in 1975, with the bacteriological aspects updated in 
1984.
Revised national standards had been prepared as part of the UNDP/UNICEF/WHO 
Drinking Water Supply and Sanitation Sector Support Programme in 1989 and were 
scheduled for release in 1994. This Sector Support programme addressed water 
quality standards per se; recommended analytical methods; recommended sampling 
methods; reporting; and water resource protection; and also included 
recommendations regarding the need for staff training and the need for a three tier 
laboratory network. It was noted that additional useful components would have 
included:
• Requirements for sampling regimes (sample numbers, frequency and selection of 
fixed and variable sampling sites; sample preservation and maximum storage 
times before analysis).
• Requirements for conditions under which chlorination should be practised and for 
minimum chlorine concentrations to be maintained throughout distribution.
• Clarification of responsibility for monitoring: both supply agency quality control 
and independent surveillance, including mention of information sharing.
• Procedures to follow in case of non-compliance, including obligation to notify the 
public.
• Responsibility for certification of new sources.
• Quality assurance requirements of any lab which intends to undertake AQC.
Al.lO Information Management
Information management was found to be problematic and/or deficient in all of the 
institutions visited.
Al.10.1 National information management
According to Mullick (1991) as part of the UNDP/UNICEF/WHO Drinking Water 
Supply and Sanitation Sector Support Programme, a sector information system linking 
village, Markaz and Govemorate to three central levels in Ministry of Health, 
NOPWASD and ORDEV was established and its implementation supported by 
extensive training. Similarly, according to El Shaabeiny (1991) an information 
system was established as part of the USAID-supported BVS programme (1979 - 
1986) covering all villages in all Govemorates except Matrouh, North Sinai and South 
Sinai.
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Despite the efforts outlined above, most water-qualit}' related data were found to be 
managed at a local level where reports were produced on paper and not fed into a 
computerised system. Furthermore, in practice, the databases described above 
appeared to have served only for demonstration purposes and were not in use. This 
was likely to have been, at least in part, a reflection of the low perceived need for 
analysis of data at macro levels and had inevitably inhibited the development of 
policies and strategies for improvement of drinking water quality.
Al.10.2 Local-level information management
At a local level, water quality data were managed for process control only by supply 
agencies and were graded as acceptable/not acceptable in the health sector. Little 
comprehensive data analysis was undertaken and data management was almost 
exclusively paper-based.
A l.l l  Laboratory Infrastructure
There was found to be considerable water laboratory infrastructure nationally, both 
within the health sector and within the water supply sector although the quality of 
health-sector water quality laboratory infrastructure varied widely. A number of the 
premises visited were unsuitable for use as laboratories and the level of equipment and 
its state of repair varied widely.
There was a clear tendency for laboratories to be operative rather than supportive and 
thus for example even where the health sector was equipped with laboratory facilities 
they may have become a de facto water treatment plant quality control laboratory 
with the resulting potential conflict of interests that this generated.
The responsibilities of the central Ministry of Health laboratories included support for 
and supervision of Govemorate laboratories.
Nationally there was little or no experience with on-site testing equipment and the 
frequency of testing of basic hygiene related parameters was generally low in all but 
the major cities.
A1.12 Actual Level of Monitoring Activity
The theory and practice of water supply and water quality monitoring were somewhat 
confused throughout the country and especially within the Govemorates.
In theory the ‘water supply agencies’ (whether one of the three large Authorities or the 
secretary of housing and utilities at Govemorate level) retained responsibility for 
production and distribution. Outside the three large authorities it was only responsible 
for monitoring the quality of finished waters, not distributed waters . Thus outside the 
three large authorities, monitoring of water in distribution was the sole responsibility 
of the Health Sector.
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In practice, production-side monitoring was limited to the three large authorities and 
some (about 20) of the country’s large conventional treatment plants and limited 
monitoring in a small proportion of the country’s more than 500 compact treatment 
plants.
The Ministry of Health centrally monitored the distribution system of Greater Cairo 
while the Secretaries of Health in the Govemorates performed the same function - to a 
greater or lesser extent - elsewhere.
Overall, considerable activity dedicated to the analysis of water samples was 
observed. However there appeared to be no monitoring of non-piped supplies, 
whether from hand-pumps or tanker tmcks, both of which were significant primary or 
secondary sources of drinking water. Furthermore little of the overall activity could 
be considered as ‘surveillance’ rather than quality control, although it may have been 
undertaken by the health sector. Finally, a disproportionate amount of routine 
monitoring was dedicated to routine physico-chemical control parameters and too 
little to basic hygiene-related aspects.
Whilst sanitary inspection was the general response to detection of a water quality 
problem, it appeared to be unused as a primary monitoring tool. Given the low 
frequency of monitoring of smaller supply systems in practice, sanitary inspection 
could readily and usefully have played a greater role in routine monitoring - both in 
surveillance and in quality control.
A1.13 Staffing and Training for Water Quality Monitoring
There were a limited number of institutions concemed with training related to the field 
of drinking water quality monitoring. These include a training centre at Damanhur (an 
initiative of the Ministry of Housing, Reconstmction, New Communities and Utilities) 
and the Higher Institute of Public Health (HIPH) at the University of Alexandria. 
HIPH organised various short courses including one for water treatment plant 
operators but was not routinely concemed with the training of technical staff. Its 
Diploma in Public Health (a one year course) was awarded to about 10-15 students 
per annum and its masters in Public Health (a two year course with the first year 
common with the Diploma) to about five to eight students.
Until 1987 the Ministry of Health was directly active in provision of courses for 
sanitarians and physicians working in environmental health. This was no longer the 
case although the reasons behind the change were unclear.
Training for staff of EEAA, water authorities and NOPWASD was said to be largely 
provided ‘in house’. According to Mitwally (1991) for the staff of the water treatment 
plants, academically or vocationally trained personnel represented less than 20 per 
cent of the total.
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Under the joint UNDP/UNICEF/WHO Drinking Water Supply and Sanitation Sector 
Support Programme, an HRD core group was established in ORDEV as a ‘permanent 
focal point for training o f water supply and sanitation sector personnel in co­
ordination with NOPWASD and Ministry o f Health ’ (Mullick 1991). Under the 
associated training scheme 18 chemists and 20 sanitarians were trained, each on two 
occasions. Nevertheless, during visits to sector institutions and interviews with senior 
sector staff, no reference to this was made and these activities had been concluded.
Training of staff involved in water quality monitoring was identified as a priority by 
both the national water supply and sanitation sector profile (Anon, 1987) and in the 
report of the national seminar on water quality (Commins 1987).
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Annex 2: Nepal 
Monitoring in an NGO Rural 
Water Supply Project 
in Rural Nepal
A2.1 Introduction
A major non-govemmental programme of water supply construction which had been 
ongoing for several years was to receive increased resourcing to enable an increased 
rate of activity. The inclusion of a monitoring and follow-up element was initially 
insisted upon by the external support agency and was subsequently accepted by the 
NGO itself.
Support was provided to develop a monitoring function as part of the programme by a 
team of experts. Support included training of staff; development, field testing and 
refining of materials; and repeat visits to assess progress. The programme included 
attempts to incorporate operation and maintenance activities in the work of the 
'monitors' and linking the monitoring programme to a hygiene education campaign.
In light of the findings of the assessment various changes to standard designs and 
construction practice were discussed and implemented.
The following case study is based upon four reports concerning the programme 
(Robens Institute 1990a, 1990b, 1991 and 1992), observations made during field work 
with the project monitors; and discussions held with staff of other external agencies.
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A2.2 Area and Population
The rural population of Nepal was estimated at 16 million in 1990.
The Himalayan region is subject to interacting natural and anthropogenic influences 
which threaten the lives of its inhabitants and those living in the plains below. 
Particular problems relate to increasing population, destruction of forest cover and soil 
erosion, aggravated by natural weathering processes in one of the world’s unstable 
mountain ranges, leading to river siltation and disruption to watersheds.
The monsoon season lasts from mid-June to mid-September during which 120 - 240 
cm of rain falls upon the southern Himalayas depending on altitude.
Geographically Nepal is divided into the low lying and flat Terai to the south and the 
Himalayan mountain ranges. The terai has a high population density and a high rate 
of population growth.
High rates of population growth in the terai and elsewhere lead to pressure to occupy 
marginal land and 1/15th of the population of the country seeks a living in localities 
with a slope of greater than 30 degrees.
Administratively, Nepal had been divided into five regions, each sub-divided into two 
or three zones which were in turn subdivided into districts and then into Panchayats 
and Wards. At the time of the described intervention, this system was under review 
and the Panchayats had been dissolved.
A2.3 Institutional Context
The NGO was set up in 1962 and had a Community Aid Section which undertook 
diverse projects such as agricultural aid, bridge construction and water supply 
projects, with resourcing from diverse donors. The scale of activity in water supply 
construction was significant with 29 schemes approved for the year 1990-1 for 
example. At the time of the intervention a major ESA was to provide additional 
resourcing to increase this rate of construction.
Rural water supplies constructed by the NGO were initiated by a request from a 
community member who acted as ‘sponsor’ for the village. The responsibilities of a 
sponsor included requesting a project, acting as local contact point and supervising the 
work.
Nationally, there was no system for water analysis throughout the country, although a 
number of laboratories offered water testing services for persons bringing samples 
(Robens Institute 1990).
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A2.4 Water Supply Context
His Majesty’s Nepalese Government had a five year plan for water supply which 
stressed surveillance and monitoring. Little had been done to this end by either 
national or external agencies or the Government (Robens Institute, 1990).
Improved rural water supply was principally through gravity fed piped supply from 
surface waters or (generally unprotected) spring sources. Most supply systems 
comprised intake, conduction line (including pressure break tanks and washout 
valves), distribution system (including valve boxes and pressure break tanks) and 
public tapstands (although some open systems existed). Water was collected and 
stored in ‘gagris’ whether collected fi-om standposts or unimproved sources. Personal 
washing and laundry was often conducted at standposts. Excess water, especially fi-om 
open systems was often utilised for watering household vegetable plots
Numerous agencies are active in rural water supply in Nepal and the result is a 
diversity of approaches and the not infrequent finding of multiple supply systems to a 
single village.
Extension of population to higher ground was forcing tree-felling and human, animal 
and agricultural pollution nearer to the sources of drinking water.
A2.5 External Support and Interventions
Two programmes of external support were being implemented in parallel: increased 
resourcing for the construction of gravity fed piped rural water supply systems; and a 
monitoring scheme for these systems. The second of these is the topic of this case 
study and had as its objective to gain a high degree of protection of water quality in 
the design and construction as well as to maintain the integrity of systems for the 
benefit of the health and welfare of the recipients (Robens Institute, 1990).
It was initially proposed that two monitors be recruited, to be responsible to keep 
inventories of population served by new supplies and volume supplied per capita; 
ensure that a sanitary risk assessment of source and distribution systems was carried 
out on completion of each water project; note and changes or illegal connections; 
classify the quality of water supplied by each system as soon as training for water 
testing had been established; co-ordinate remedial action as necessary, promote and 
support local people undertaking remedial action within their capabilities; and assess 
hygiene education support and latrine coverage.
Sanitary inspection forms were developed, translated, field tested and revised, and 
included illustration to ensure their applicability to the region and ready interpretation. 
These initial forms were exclusively concemed with water quality aspects and 
addressed both sanitary inspection and water quality analysis. They were further 
revised after pilot testing to include estimates of coverage, continuity, cost and 
quantity also.
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Training was provided for the (water supply) project managers, the monitors noted 
above and two health assistants, in approaches to monitoring, sanitary inspection and 
water quality analysis and included field work. It was immediately followed by field 
training of the monitoring staff.
Convergence of criteria in data collection was tested by dividing trainees into two 
groups and to undertake separate assessments of the same system and then comparing 
the findings. Some divergence was found after working in one village and excellent 
convergence of responses was found after working in a second village.
Water quality analysis was to be undertaken on site using ‘DelAgua’ equipment in 
light of transport limitations and the non-availability of alternative analytical facilities. 
Trainees received initial orientation in its use, a demonstration and were then overseen 
undertaking analysis of simulated samples. Despite occasional errors in procedure, 
good agreement was noted in the results obtained.
Proficiency in both sanitary inspection and water quality analysis was confirmed 
during subsequent field work
Sanitary defects noted in November 1990 lead to recommendations to alter standard 
designs for storage tank lids, pressure break tanks and collection tanks in March 1991.
It should be noted that travel times were extremely delayed in the region concemed.
In the westem region eight treks totalling 112 days of field work were required to visit 
25 water supplies; whilst in the eastem region where 119 days of field work were 
required to visit 20 communities. Despite use of field testing equipment with 
rechargeable batteries, the need to retum to a source of electricity in order to recharge 
equipment after five incubation cycles was a limiting factor.
It should be noted that from early stages the monitoring activity was paralleled by a 
hygiene education activity, which included hygiene surveys run parallel to the water 
supply services.
Following project initiation, it was decided that monitors should not restrict their 
activities to the collection of information, but make a positive contribution to the 
maintenance of supplies. In light of the extended travel times it was considered 
important to increase the proportion of productive time by increasing time spent in 
eaich community. It was envisaged that:
• Certain repairs (such as repair and replacement of taps and repair of leaking pipes) 
should be undertaken by the communities themselves and that the monitors could 
train community members to undertake such repairs and assist them in these tasks. 
The parts necessary for such repairs would therefore have to be carried by the 
monitors in the field. It was further agreed that the costs of materials for such 
minor repairs would be borne by the ESA.
• Where deterioration of older systems was such that rehabilitation was warranted 
monitors were to encourage sponsors to approach authorities to seek assistance.
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In March 1991 it was noted that the recommendation to alter design of lids and tanks 
was being acted upon and further recommendations were made concerning spring 
source protection and treatment of water from surface sources.
Monitoring was successfully implemented, although the rate of implementation was 
constrained by loss of staff.
By January 1992 the concept of including repair in the programme had expanded 
significantly and it was proposed (by the local agency) to recruit repairers to assist 
communities in which more substantial repairs were needed. At the same time the 
issue of recontamination of water between collection and use was confirmed and the 
strategy of incorporating hygiene education in the overall strategy endorsed, with the 
additional proposal that the hygiene educators should travel with the monitors and 
work in parallel.
A2.6 Methodological Development
The overall strategy adopted included development of an inventory of systems and
visits to communities selected on the basis of management demands. The procedure
adopted for monitoring in each community was as follow:
• water quality analysis at source, reservoir (if present), a minimum f  three tapstands 
and a minimum of one household gagri, plus one sterile sample for self- 
monitoring of analytical performance;
• inspection of the water supply, to define water supply quality by means of the 
indicators coverage, continuity, quantity, cost and quality, the latter by sanitary 
inspection;
• report and make recommendations to the community regarding the repairs and 
improvements which should be made. These include improving drainage around 
tapstands, digging-in of exposed pipelines, fencing and hedging around tapstands, 
and construction of surface water diversion ditches around sources;
• supervising and assisting the community in undertaking repairs which can be 
undertaken with such assistance. These included, for example, repair of pipelines 
and of taps (washer repair and re-bedding) and tap replacement; and
• if rehabilitation or extensive repairs beyond the capacity of the monitor and 
community to undertake were required then the monitor, during discussion would 
recommend that the sponsor approach the NGO for assistance
• report to ESA authorities. This should include a copy of the field report form, 
additional comments, recommendations of the monitor concerning support for 
rehabilitation and a summary of (a) support provided and (b) recommendations 
made, including whether the community was recommended to approach the NGO 
for support with rehabilitation (Robens Institute, Jan 1992).
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A2.7 Data Handling and Analysis
The Government with UNDP through a programme of Management Information and 
Technical Support to Water Sector Agencies had developed a data base in which they 
were placing information on all rural water supply projects (both governmental and 
non-govemmental). Nevertheless in practice little systematic information on the level 
of water supply service was available in Nepal although major investments to increase 
overage had been made during the Water Decade.
A2.8 Reporting and Facilitation of Remedial Actions
On recognition of the constmction problems the NGO concemed both altered standard 
designs for spring source protection, constmcted a demonstration spring near to its 
logistical base and provided training to its constmction supervisors in improved 
source protection.
A2.9 Training and Human Resource Development
The Ministry of Health centrally in Kathmandu was responsible for the training of 
sanitary technicians (who work in the urban sector) but ver>' few had been trained 
(Robens Institute, 1990).
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Annex 3: Pakistan I 
An NGO Rural Water Supply 
Project in Pakistan
A3.1 Introduction
This case study relates to the progressive development of the activities of a major 
international NGO involved in rural water supply in the mountainous northern areas 
of Pakistan. The NGO had been working for many years in the northern areas through 
a number of sub-programmes including ‘health’ and ‘construction’.
This case study looks at the approaches adopted by the two sub-programmes ‘health’ 
and ‘construction’, especially the way in which monitoring and assessment activities 
were planned, implemented and used to develop and orientate approaches to problem­
solving.
The following case study is based upon the author’s observations also reported in:
Bartram J, 1993. Report on the Water Quality Project. Unpublished report submitted 
by the Robens Institute, University of Surrey to the Aga Khan Foundation.
Bartram J, 1993. Environmental Improvement Programme: Water Filtration Units. 
Unpublished report submitted by the Robens Institute, University of Surrey to the Aga 
Khan Foundation and Aga Khan Housing Board for Pakistan
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The principal steps which are further described below were as follows:
Construction sub-programme Health sub-programme
October 1990 technical seminar to assess problems of 
drinking water quality and water 
treatment in the project area
1991 - 1994 Planned period for water and sanitation 
study by health sub-programme
May 1991 National Consultants report on five 
experimental water filtration units
A ug-
Sept/Octl991
Five additional treatment units added to 
already-constructed water treatment 
systems
Author contracted by international 
headquarters to lead a team for 
technical review, proposal development 
and recruitment o f a project director for 
a water and sanitation studies project of 
the health sub-programme
Nov 1991 Director o f water and sanitation studies 
project appointed
Nov 91 - Nov 92 Intermittent sampling programme for 
water quality analysis by construction 
agency
Expanded programme of monitoring
November 1992 Author contracted by international 
headquarters and construction sub- 
programme to undertake field visits to 
treatment systems, prepare a report and 
recommend future strategy
No significant progress in either 
development o f a general survey of 
water supply provision or assessment of 
water treatment options
July 1993 Author contracted by international 
headquarters and construction sub- 
programme to undertake a second 
series of field visits to treatment 
systems, prepare a report and 
recommend future strategy
A3.2 Area and Population
The region encompassed by the work of the NGO in the mountainous north of 
Pakistan comprised the Chitral District of the North-west Frontier Province and the 
Gilgit and Baltistan Districts of the Northern Areas. The region shares borders with 
Afghanistan, China and India and is extremely mountainous, including peaks in 
excess of 8,000m. Geographically, most of the land surface is permanently covered 
with ice or snow.
The inhabited range is from 1,500 to 3,500m and total population around 1 million. 
Ninety five per cent of the population is rural and a large proportion of the population 
inhabits valleys which are inaccessible for much of the year. Because of this isolation, 
social and cultural conditions vary significantly between even geographically-close 
groups in adjacent valleys.
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Infant mortality, especially related to diarrhoea! disease was described as ‘high’.
Temperatures range from 40C in low areas in the summer to less than -20C in 
highland areas in winter.
Most of the population lived in clusters of dwellings which may be crudely classified 
as ‘tight’ or ‘loose’. In loose clusters there was a private yard associated with each 
house. In tight clusters dwellings were more closely arranged and private yards were 
uncommon.
The unusual nature and specific challenges which development of water supply in 
such an environment would represent were well-recognised by the NGO concemed 
which appreciated that many ‘standard solutions’ were not applicable to the peculiar 
conditions of a high-altitude mountainous environment.
A3.3 Institutional Context
The NGO concemed had been working in the study area since 1964 and both health 
and constmction sub-programmes had a long track-record of activity there. 
Management of the two sub-programmes differed substantially. Whilst management 
of the health sub-programme was decentralised and substantially undertaken within 
the project area, that of the constmction sub-programme was based outside the 
programme area (remotely, in Karachi).
The health sub-programme had been a major area of activity for many years, 
especially in providing health care services through a primary health care network. 
Following a major evaluation programme extension and expansion was planned for 
the period 1991 - 4 of which one area of activity was water supply and sanitation. It 
was anticipated that a major ‘study’ would be required to orientate and better-inform 
activities in water supply and sanitation. It was envisaged that implementation of the 
planned intervention would not be undertaken by the health sub-programme which 
was to develop the study. The brief of the water and sanitation study included 
assessment of two of the then ongoing initiatives of the constmction sub-programme: 
village water treatment installations (ie connected to a piped water supply) and a 
‘filter bag’ being promoted for household use. It also included *to develop, field  test 
and document... standard designs for  ... community water filters ’ and it was 
anticipated that the results of ‘research on water contamination (would) be used to 
help evaluate the problems ofsilting from suspended solids '.
The constmction sub-programme had also been active in the project area for many 
years, principally in the provision of basic physical infirastmcture and in particular 
schools, health centres, housing, irrigation and water supply. At around the same time 
that the decision was made to extend and expand the health sub-programmes activities 
in water and sanitation, the constmction sub-programme also re-evaluated its activities 
in the field. They identified that water quality would become an important issue as 
water supply coverage increased, and having detected demand for water quality
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improvement amongst communities in the region, initiated a programme of 
experimentation in village-level water treatment systems to complement an 
established initiative in household water treatment and storage. For both of these 
initiatives the declared objective was to contribute to the reduction of infectious 
water-borne disease. The five interventions which were the topic of the construction 
programme’s programme of experimentation were undertaken with community 
participation, in an approach tested and proven in the area and which had received 
significant international recognition.
As a result of the above a tension was established between the health and construction 
sub-programmes. It was the former who were to ‘establish the brief and assess the 
efficacy o f the possible solutions whilst the co-ordination of the design of the 
anticipated implementation activities would be carried out by an agency with ‘more 
relevant expertise ’ which might have been the construction sub-programme. Under 
these circumstances it is likely that the construction agency had not only a perceived 
need to demonstrate its competence in delivery, but also to establish its credentials as 
a leader and in providing sector orientation..
A3.4 Water Supply Context
Estimates of water supply coverage in the region were varied and included 7 -9  per 
cent of the rural population and 15 per cent of the total population. Systems to supply 
water to more than 20 per cent of the total population had been constructed by diverse 
agencies but much of this infrastructure was already non-operational and in need of 
rehabilitation. At the time of the work undertaken by the author, aggressive plans 
were being developed to increase coverage to 70 per cent by the year 2000.
Piped drinking water was derived firom rivers, springs, wells, irrigation canals or snow 
melt. In practice most was derived firom irrigation canals receiving water fi-om snow 
or glacier melt.
The soils of the area are unconsolidated and vegetative cover sparse. Most soils 
comprise loose conglomerates of sand, silt and/or schists. As a result surface waters 
are often highly turbid. Furthermore, the irrigation channels flow through areas of 
inhabitation, irrigated agriculture and animal husbandry and may be contaminated 
fi^ om these sources. Flow in all surface waters varied with season. In winter melt 
waters decrease as does demand for irrigation water. Some irrigation canals are 
subject to fi-eezing (which often damages them) and are drained or only filled 
intermittently at this time. During summer, flows of melt water increase dramatically 
and many surface waters become highly turbid.
Water treatment in the region is typically and ‘add on’ to water supply and rarely 
planned as part of a water supply intervention fi-om the outset.
In villages without piped water supply, it was common to find ‘wells’ built alongside 
irrigation canals and these represented the source of drinking water for a significant
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proportion of the population. These were not wells as such, but pits which were filled 
directly with canal water by diverting the surface flow into them. The pits were 
covered once full and left for eight to 12 hours (typically overnight) to settle and the 
supernatant then collected by bucket for household use
A3.4.1 Construction sub-programme’s programme of experimentation
The construction sub-programme’s experimentation began in 1990 with the design 
and construction of five water treatment systems. The locations for these systems 
were selected to represent the diverse conditions in different valleys in the region.
The outline scheme for treatment was proposed by an external, non-national 
consultant and developed and applied by national experts foreign to the project area.
It was based upon the approach adopted by UNICEF in Vietnam.
Following their construction, a simple water quality monitoring scheme was initiated.
The monitoring undertaken by the construction sub-programme reported the effluent 
water to be ‘bacteria free’ in all but one case although despite this apparently 
encouraging result, plans were already in place to undertake ‘minor modifications’ in 
April 1992 to ‘further improve efficiency’. Even a cursory review of documents and 
communications from around this time indicates that the construction sub-programme 
was sensitive to possible failure and willing to act on the findings of its own 
monitoring.
Notwithstanding the above, the construction sub-programme contracted a recognised 
national expert to review the experience obtained with the systems including the 
results of monitoring and recommend further actions in May 1991. As a result of this 
assessment five additional water treatment units were designed and constructed in 
August - October 1991 to amplify the already-existing sedimentation-filtration 
systems. These new units utilised a novel and un-proven treatment technology 
developed and promoted by the national expert.
Following construction of these additional units, further monitoring was undertaken 
and the author requested to review the experience and make recommendations.
Whilst the nature of the novel treatment process is largely irrelevant for the purposes 
of this thesis, a brief description is of interest. The technology promoted is described 
as a ‘reverse flow channel’. The concept, as described to the author, may be 
summarised as a parabolic section channel (either straight serpentine in plan) of 
considerable length (120 feet was typical of the units constructed) through which the 
water flows after grit removal. The bed of the channel slopes towards the channel 
inlet (ie the depth of the water in the channel decreases towards the outlet). The 
‘reverse gradient’ of the bed of the channel was claimed to induce movement of 
accumulated sediment against the flow of the water, thereby allowing sediment to 
accumulate near to the inlet. No technical critique of the technology is included here.
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A3.5 External Support and Interventions
Two parallel and overlapping processes occurred: the initiation of the study by the 
health sub-programme and the programme of experimentation by the construction 
sub-programme. They are described separately below
A3.5.1 Construction sub-programme
As noted above, following construction of the additional water treatment units, further 
monitoring was undertaken and the author requested to review the overall experience.
The author’s report called into question a number of assumptions underpinning the 
approach adopted but recommended continuation of a revised programme of 
experimentation. The construction sub-programme responded formally and 
defensively to the report. Nevertheless it subsequently requested that the author make 
a further visit in a contrasting season to re-consider some aspects of the report and 
propose a programme of work. The second assessment was made with no significant 
changes when compared to the first, the report was accepted and the proposed 
programme of work adopted.
A3.5.2 Health sub-programme
In mid-1991 the author was contacted by the NGO’s international headquarters to lead 
a team for technical review, proposal development and recruitment of the Director for 
the Water and Sanitation Studies Project of the health sub-programme.
There are a number of features of the technical review and proposal development 
undertaken which are relevant to the topic of this work and will be noted here:
• it was recommended that monitoring and assessment of water supply and quality 
be undertaken using a limited number of critical parameters of water quality which 
should be analysed with high frequency;
• it was further recommended that sanitary inspection be used as a vital complement 
to water quality analysis in investigating hygienic status and be based upon simple 
observations that could be readily standardised;
• the author also proposed that - given the high number of communities and 
available information concerning inter-valley differences- a structured sample 
based approach rather than flill-coverage monitoring should be adopted;
• the need to take full advantage of community-based knowledge to improve the 
quality of data/information collected and therefore to involve community members 
in, for example, source survey and sanitary inspection procedures;
• the absence of substantial published material on water supply and treatment in 
high mountainous environments was noted and it was recommended links be 
established with persons with expertise in this field and with roughing pre­
filtration and gravel bed filters in particular; and
• (without prior knowledge of the activities of the construction sub-programme in its 
programme of experimentation in village water treatment) it was suggested that 
water treatment research be separated as a ‘more rigorous development and 
evaluation schedule would be required’ and be of more than two years duration.
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With regard to the final point it should be noted that the original project brief for the 
water and sanitation study envisaged very extensive use of external expertise. Despite 
direct relevance of technical expertise in specific areas it was conspicuous that it was 
proposed to use consultants with little or no experience of high mountainous 
environments (despite noting their particular problems) and no consultants were 
planned from other countries with high mountainous environments of their own.
A3.6 Methodological Development
From the viewpoint of water quality monitoring a series of short phases, each 
including lessons learned and leading logically to the next may be identified as 
follows in the work of the construction sub-programme:
Phase 1
Phase 2
Phase 3
Phase 4
Need for assessment identified, external analytical facilities 
used
Doubt about quality of analytical service partially perceived 
Recognition of need to generate increased volumes of data 
Recognition of logistical problems with sample transport 
Purchase of portable water testing equipment to overcome 
the above
Realisation of extent of the staff commitment required to 
drive a monitoring programme in this challenging 
environment
Recognition of need to ensure trained staff if analytical 
quality to be assured 
Training provided
Recognition of need to use indicators of process efficiency 
in addition to input/output measures of microbiological 
quality
Adoption of increased analytical range
Trainee increasingly recognises limitations to analytical
results alone through field experience and exposure to
critical point rapid assessment/inspection
Monitor’s reports increasingly describe specific problems as
well as report water quality results
The basic method adopted was:
• programmed schedule of visits so community know when to expect monitors;
• visual inspection, interview with community members and authorities, water 
quality analysis;
• field worker, direct liaison with community;
• field worker monthly reports to remote national office.
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A3.7 Reporting and Facilitation of Remedial Actions
Following the initial defensive reaction to the findings of monitoring a decision was 
made to halt construction of new treatment systems and to continue monitoring for a 
further 12 months to confirm the initial findings.
Following a further 12 month period of monitoring the findings of the initial 
assessment were confirmed and the construction agency;
• sought external advice from an institution with relevant experience in furthering 
their programme;
• decided to rehabilitate the plants progressively and to use this as the basis of a 
process of real-scale experimentation and research; and
• made a policy change with respect to treatment plant construction in withholding 
further activity in new water treatment construction pending findings.
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Annex 4: Pakistan II
Status Assessment for Pakistan
A4.1 Introduction
In 1993 a series of national status assessments of drinking water quality monitoring in 
Egypt, Pakistan and Yemen were prepared on behalf of the East Mediterranean 
Regional Office of the World Health Organization (Bartram, 1993a; Bartram, 1993b; 
Bartram 1993c; Bartram, 1993d). This activity involved observation of current 
practice through interviews with national, regional and local level staff, field visits 
and visits to laboratories and offices of environmental inspection agencies and training 
agencies.
The aspects relevant to rural water supply monitoring from the three studies are 
presented as separate annexes here and provide insights into the organisation and 
practice of drinking water supply monitoring in the three States concerned.
A4.2 Area and Population
Pakistan was the ninth most populous country in the world and was estimated to have 
been home to more than 120 million inhabitants or about 2 per cent of the global 
population (Government of Pakistan, 1993). Population growth was estimated to be 
2.2 per cent per annum in 1989 (WHO, 1989).
The process of urbanisation was significant (Anon 1985 and Government of Pakistan 
1993), more than 33 per cent of the population was estimated to live in cities (ie 
communities greater than 5,000 inhabitants compared to 29 per cent in 1985.
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The country has an area of about 800,000 square kilometres of which a quarter to a 
third is arable (most of it in the Indus plains); the reminder is largely desert and 
mountain. Apart from the semi-tropical coast and delta areas, the fertile Indus plains 
in the centre of the country are flanked by arid deserts both east and west. To the 
north the land rises sharply and despite extensive glacial and snow cover remains 
largely arid.
Overall it was estimated that 60 per cent of the land in Pakistan had been or was likely 
to be affected by desertification; forest loss was estimated at one per cent per annum; 
soil erosion had affected 1.2 million hectares; salt-affected lands were estimated at 2 
million hectares and 2 million hectares were waterlogged (Government of Pakistan, 
1993).
The provinces of Punjab and Sindh are densely populated and contrast with the rest of 
the country. In Baluchistan, desert areas separate settlements while in the north of the 
country travel is constrained by the mountainous topography. These factors inevitably 
affected any attempt to implement water quality monitoring in smaller communities.
A4.3 Institutional Context
Pakistan had three levels of administration: federal Government, provincial 
Government and Tocal bodies’ (this latter being represented by Metropolitan 
Corporations, Municipalities, Union Councils and District Councils).
The country was divided into three Provinces: Punjab; Sindh; North-west Frontier 
Province (NWFP); and Baluchistan. The Federal Government administered the 
Federal Capital Territory, the Federally-administered Tribal Areas (FATA), the 
Northern Areas; and Azad Jammu and Kashmir.
A4.4 Water Supply Context
Estimates (Government of Pakistan 1993) indicate that 61.5 per cent of the total 
population had access to safe drinking water (85 and 47 per cent of the urban and rural 
areas respectively).
In the rural areas drinking water was obtained variously from piped supplies and from 
handpumps (both household and community) as well as traditional sources such as 
ponds, dug wells and karezes (underground channels). Rural piped supplies were 
generally untreated.
It had been estimated that there were more than 13,000 public tube wells and 260,000 
private tubewells in Pakistan in addition to open dug wells and karezes serving both 
for consumption and irrigation (Government of Pakistan, 1993).
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The then current national eight year plan contemplated large scale investment in rural 
water supply with the target of raising coverage with improved water in the rural areas 
to 70.5 per cent and also raising the coverage of the urban population from 85 to 95 
per cent by 1998. This represented supply to an additional 27 and 11.9 million 
persons in the rural and urban areas respectively.
A4.5 Water Quality Issues
Few reliable data were available on drinking water quality. Those that were available 
indicated that faecal contamination was a major problem, being both widespread and 
severe in both urban and rural areas. Furthermore there was good reason to believe 
that this had a major public health impact. Gastrointestinal diseases account for 25 - 
30 per cent of all hospital cases and it is estimated that 60 per cent of infant deaths 
were due to infectious and parasitic diseases, most of them potentially water-borne 
(Government of Pakistan, 1993). Feacal contamination of water sources was a major 
problem. Available data suggested that surface water sources were universally 
contaminated and that water from wells was commonly contaminated in both urban 
and rural areas.
PCSIR studies had demonstrated higher levels of faecal contamination in households 
than in the piped distribution network (apparently in the network mains) in the federal 
capital. The study concluded that this was often due to contamination in distribution 
and of ground-level tanks. Ground-level tanks were common, in part due to problems 
of rationing of supply by rotation between districts. This form of rationing was a 
significant cause of contamination of water in distribution due to seepage between 
leaky sewage pipes and water supply pipes and storage tanks at zero pressure 
(Mahmood and Tahmir 1988).
Similar findings of a high rate of occurrence and of degree of faecal contamination 
had been reported for rural areas by the Pakistan Medical Research Council, NIH and 
PCRWR (for references see for example Government of Pakistan, 1993, Beg and 
Mahmood, 1991).
There was a high degree of awareness amongst relevant authorities nationally of the 
overwhelming importance of faecal contamination of water supplies for health.
Other pollutants affecting health were of local importance and included heavy metals 
for instance in Kasure, near Lahore (due to the 152 small tanneries there); Karachi 
(lead, apparently derived from plumbing and storage tanks); nitrate (locally, due to 
groundwater contamination from agricultural sources); and fluoride in a few areas 
such as Bahanlpur and Tharparkar (Beg and Mahmood, 1991) from geological 
formations, apparently leading to dental but not skeletal fluorosis.
Guinea worm had been reported from Bannu and Thatta (Beg and Mahmood 1991). 
Goitre was endemic in large tracts of the Northern Areas and iodine concentrations 
were often very low in samples from here.
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A4.6 National Policy and Strategy
Environment sector policy and strategy was in a process of change at the time of the 
study. This was due to the establishment of the (federal) Pakistan Environment 
Protection Agency (PEPA) and provincial environmental protection agencies (EPAs), 
preparation of a full draft Environmental Protection Act (to supersede the 
environmental protection ordinance of 1983) and the preparation of an Environmental 
Health Action plan by the Ministry of Health. Other agencies, notably PCSIR, were 
also active in this field.
Due to the rapid rate of change in the sector and uncertain position of drinking water 
within the environment sector in general, it was difficult to foresee the situation that 
would exist even in the short to medium term. Nevertheless it appeared likely that the 
PEPA and EPAs would assume an environment sector-wide co-ordinating role that 
would include drinking water quality, although accepting the special role and 
responsibility of the health sector for drinking water.
A4.6.1 Nationally
The federal Government was responsible for overall development planning and 
national development plans were prepared by the Planning Commission in 
consultation with the Provinces. The (federal) Environment and Urban Affairs 
Division of the Ministry of Housing and Works was responsible for environmental 
programmes in general (including water supply). PEPA was a dependency of this 
Division.
The Pakistan Environmental Protection Ordinance included amongst the fimctions of 
the PEPA to: ‘prepare national environmental policy’and to ‘co-ordinate 
environmental policies and programmes nationally and internationally’.
The proposed Environmental Health Action Plan assigned responsibility for inter- 
Ministerial co-ordination, preparation of national environmental policy and for setting 
of environmental standards to the Ministry of Housing and Works, Environment and 
Urban Affairs Division.
A4.6.2 Provincially
The national ‘Sector Profile for Pakistan’ (Anon, 1986) cites ‘the lack o f effective 
provincial mechanisms for policy and programme development’ and ‘the needfor 
stronger participation o f public health priorities ... in ... monitoring drinking water 
quality ’ as major issues requiring corrective action. ’ It goes on to recommend that:
‘Each Province should establish a specific mechanism to bring together officials o f  
sector agencies on a regular basis. The technical directors o f executing and support 
agencies, including PHED, LGRD, Health, Finance and PPH should meet monthly, 
or at other appropriate intervals as a “Provincial Water and Sanitation Committee ” ‘
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and that:
‘The Provincial Water and Sanitation Committees should give first attention to the 
systematic collection o f data on sub-sector installations, coverage, past investment 
and operating costs, manpower needs, etc, and the preparation o f comprehensive 
provincial sector studies. The committees should agree on provincial policies 
concerning levels o f service, criteria for priority projects, financial arrangements, etc. 
Finally the Committees should prepare provincial Sector plans as guidelines to sector 
activities ’
The formation of provincial EPAs may have provided a suitable focus for the 
establishment of sector policy and co-ordination along the above lines. Nevertheless - 
and regardless of the lead agency for the proposed Committees - these observations 
and recommendations made in 1986 remained valid in 1994.
A4.6.3 Pakistan Environmental Protection Ordinance
The Pakistan Environmental Protection Ordinance, 1983 specifies that the 
establishment of comprehensive national environmental policy is a fimction of the 
PEPC and that PEPA should prepare national environmental policy and revise 
national environmental quality standards for approval by the Council. However it 
makes no reference to the provincial EPAs whatsoever and does not specify whether 
drinking water quality is considered a part of the general PEPC and/or PEPA remit for 
environmental protection.
A4.6.4 Proposed Pakistan Environmental Health Action Plan
During 1993 an ‘Environmental Health Action Plan’ was formulated by the Ministry 
of Health, in part in response to the UNCED Agenda 21 resolution regarding 
environmental health. As this potentially represents a major step for the field of 
environmental health (including drinking water quality monitoring) in Pakistan it is 
outlined here and referred to throughout this section of the thesis.
The Plan emphasises five areas: water supply and fi*eshwater management; sanitation; 
solid waste management; food safety; and urban air quality control. For each area 
strategies for human resource and institutional development are proposed, including 
an environmental health information network, technology promotion, strengthening of 
laboratories and research institutions; awareness raising; community participation; and 
integration of environmental concerns into health programmes.
The Plan recommends the establishment of an ‘Environmental Health Cell’ in the 
federal Ministry of Health and similar establishments in the provincial Health 
Departments. The Plan also recommends strengthening of the National Institute of 
Health (NIH), PCSIR and other laboratories throughout the country.
It was proposed that the plan be implemented in three phases and that water quality, 
sanitation and water resources management all be targeted under Phase 1.
Furthermore, water supply and management was identified as the first of the major 
programmes. The Water Supply and Management programme identified water as
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being the binding constraint on agricultural development and increasing population. It 
goes on to note that almost all national water resources were already being extensively 
used, for instance through the 57,000 Km of irrigation canal system associated with 
the Indus and that environmental impacts, such as salinisation of the aquifer beneath 
this area were recognised.
Measures identified in the Water Supply and Management Programme (of relevance 
to the theme of this thesis) included:
• addressing water quality deterioration/source pollution;
• ensuring water source quality through waste disposal control;
• rehabilitation of water supply systems;
• adoption of environmental quality standards and regulations;
• human resource development, emphasising water quality
• institutional strengthening;
• establishing a nation-wide laboratory network (in collaboration with EPAs) with 
the objective of establishing a laboratory in each population centre of more than
100,000 inhabitants and reference laboratories in the provincial headquarters all 
under the direction of NIH);
• mass awareness-raising on safe drinking water and national water quality 
database.
Whilst the EHAP was a major step forward, it left unclear a number of issues of 
importance. These included:
• who was to be responsible for execution of environmental health monitoring;
• further clarification was needed regarding the relationship between the Ministry of 
Health (at both federal and provincial levels) and the PEP A/Provincial EPAs with 
regard to - for example - leadership and participation in policy development, 
standards , inter-agency coodination, preparation of legislation and overseeing 
enforcement, and management and interpretation of drinking water supply quality 
data.
A4.7 Institutions with a Role in Water Supply Monitoring
Delineation of the boundaries for institutional responsibilities, inter-programme 
linkages and to a lesser extent lines of responsibility and accountability varied 
throughout Pakistan as did the titles of the (Provincial) Government Agencies. 
Furthermore, institutional arrangements are structured differently at federal and 
provincial levels and a number of significant developments were either ongoing or 
mooted (as noted in preceding sections). Arrangements were therefore complex and 
the outline below represents a summary of the typical aspects of the situation that 
existed at the time of the study.
A4.7.1 Federal agencies
the following quote from the proposed Environmental Health Action Plan 
(Government of Pakistan, 1993) is self-explanatory:
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Insofar as Environmental Health responsibilities at federal level are concerned, there 
exists no specific agency to deal with this subject. This fact is contradictory to the to 
the vital roles o f the environment and health in securing a healthy society. 
Consequently neither the Ministry o f Health, nor Environment Ministry perform any 
monitoring services to assess the condition o f air, water andfood in the country '
Water supply agencies
The provision of water supply outside metropolitan areas was primarily a provincial 
responsibility. Technical planning and design of projects was the responsibility of the 
provincial Public Health Engineering Departments (PHEDs), except in Baluchistan, 
where these are undertaken by the Irrigation and Power Department.
Water supply projects were intended to be handed over (usually after two years) to 
Local Bodies (Municipalities, Union Councils and District Councils) which should 
then have been responsible for operation and maintenance. At provincial level. Local 
Bodies were responsible to the secretary for Local Government.
After hand-over to Local Bodies, it would appear that these agencies were responsible 
to control the quality of the water they supplied. During the study no examples were 
found of Municipalities, Union Councils or District Councils adopting this role and 
there was no system of support to assist them in this.
In practice the system of hand-over from PHEDs to Local Bodies often failed and in 
recent years PHEDs had increasingly assumed the role of supply agencies. At the 
time of the study there appeared to be a desire on behalf of the PHEDs and federal 
planners to reverse this trend. Nevertheless, a large proportion of the annual budgets 
of the PHEDs was expended on operation, maintenance and rehabilitation of supplies. 
Thus for example in Peshawar these elements account for 60 per cent of budget and 
the remaining 40 per cent is expended on capital projects).
As the design and construction agency, the PHEDs should have undertaken testing 
when abstracting from a new source or constructing a new supply. The actual extent 
of water quality testing and monitoring undertaken by the PHEDs was unclear. In the 
case of the Lahore laboratory all new sources were tested and some follow-up visits 
and sampling were made; in this case monitoring was combined with hygiene 
education.
Independent ^surveillance*function
The general mandates of both the Ministry of Health and PEPA would appear to have 
justified their adopting the role of independent surveillance agency.
In general terms the involvement of the health authorities in environmental health 
issues and specifically drinking water quality surveillance had been low, largely due 
to financial constraints. Nevertheless, some sampling and testing was undertaken by 
the health sector, for instance at NIH, Islamabad and the College of Community 
Medicine at Lahore.
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General
At the time of the study there appeared to be no independent authority responsible to 
approve water sources as suitable for drinking purposes.
At Provincial level there was confusion regarding the role of the provincial EPAs in 
drinking water quality monitoring. In Lahore for example, the EPA laboratory had 
been established by separating the air, solid waste and wastewater laboratories of the 
PHED, leaving the PHED with the drinking water quality laboratory. In this case 
therefore, the EPA had no drinking water testing facility. Furthermore, since it shared 
accommodation, facilities and local-level management with the PHED, whose 
activities it should have been monitoring , it would be unable to adopt an independent 
surveillance role. In Baluchistan, as part of a laudable initiative not to unnecessarily 
duplicate laboratory facilities, the EPA utilised the local laboratory facilities of other 
agencies.
Other agencies which undertake occasional drinking water quality monitoring include 
Universities (notably the Institute for Public Health Engineering and Research), the 
various laboratory complexes and centres of PCSIR across the country, the College of 
Community Medicine at Lahore, and the PCRWR.
A4.8 Sector Co-ordination
Sector co-ordination was unclear in theory and weak in practice, for example:
• The Ministry of Planning and development co-ordinated development activities in 
general and specifically the institutions involved in the water supply sector at 
federal level and its equivalent adopted the same role at provincial level. However 
the Pakistan Environmental Protection Ordinance made provision for 
environment-wide sector co-ordination by PEPA at national level, but not for the 
provincial level
whilst
• the proposed EHAP assigned responsibility for co-ordination between Ministries 
involved in different aspects of environment, monitoring and enforcement to the 
Ministry of Housing and Works, Environment and Urban Affairs Division;
and
• there was no federal or other authority which co-ordinated amongst the 13 urban 
water supply authorities
This should be contrasted with the importance of establishing such co-ordination, 
particularly at provincial level. The national ‘Sector Profile for Pakistan’ (Anon,
1986) made a number of recommendations regarding sector co-ordination and policy 
development which are cited above and which remained as valid in 1993. The 
proposed Pakistan National Environment and Health Action Plan recommended a 
single comprehensive law governing environmental control and protection.
Notwithstanding the above, bilateral co-ordination between some agencies appeared to 
be good. For example communication between PCSIR and PEPA/PEPC appeared to
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exist although PCSIR (for example) were largely unaware of Ministry of Health plans 
and activities.
Sector co-ordination at provincial level was complicated because the three agencies 
involved (WASA, Local Bodies and PHED) may have had distinct lines of 
accountability. Thus whilst the Local Bodies were responsible to the Secretary for 
Local Government, PHEDs may be responsible to the Secretary for Housing, whilst 
the DAs (and therefore WAS As) were variously treated as special cases or were 
accountable to the Secretary for Housing and Town planning (or its equivalent).
The Pakistan Environmental Health Action Plan noted that in Pakistan there was 
inadequate communication between scientific institutes, universities and policy 
making agencies. It goes on to suggest that a permanent mechanism be established to 
facilitate communication between these groups and that the Environment Division 
(Ministry of Housing and Works) play a critical role in setting up such a group 
(Government of Pakistan 1993).
A4.9 Laws, Regulations and Standards
At the time of the study there were no Pakistani Drinking-water Quality Standards or 
supporting legislation or equivalent and in their absence reference was made to WHO 
Guideline Values. This was despite the recommendation of the national conference 
on water supply and sanitation (November 1991) that national standards and 
legislation should be introduced.
The proposed Environmental Health Action Plan noted the need for clear-cut 
legislation for requirements for clean drinking water (Government of Pakistan, 1993).
The Plan assigned responsibility for setting of environmental of environmental 
standards to the Ministry of Housing and Works, Environment and Urban Affairs 
Division (in collaboration with the Ministry of Health) whilst the Pakistan 
Environment Protection Ordinance defined the establishment and revision of 
environmental quality standards as a function of the PEPA and their approval the 
PEPC.
Despite the above, various agencies, including PEPA, POSER, PCRWR and the 
Ministry of Health had all at one time or another produced or contributed to proposed 
drinking water quality standards at national and/or provincial levels.
There were no national plumbing standards or codes of good practice although local 
systems for certification of plumbers exist, at least in some areas (such as Karachi). In 
contrast there was a national system of this type for sanitary technicians. It appeared 
that problems concerned with basic construction and plumbing practice at household 
level (such as construction of ground-level storage tanks) were significant causes of 
water quality problems.
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A4.10 Information Management
The national ‘Sector Profile for Pakistan’ (Anon, 1986) cited ‘the needfor improved 
... information/data systems in both national and provincial agencies ' as a major 
issue requiring corrective action and went on to recommend that:
‘To facilitate the recording o f sector information and ..., to provide systematically the 
data needed for sector planning each province should be equipped with electronic 
data processing equipment. This equipment might be operated by the provincial 
Departments o f Planning and Development and be linked with similar equipment in 
the Ministry o f Health '
No systematic recording of drinking water supply or drinking water quality data was 
found in any of the agencies visited during the study and none of the persons 
interviewed was aware of such an initiative or activity.
A4.11 Laboratory Infrastructure
Nationally, there was a significant, although inadequate, quantity of laboratory 
infrastructure for water quality monitoring. However any interpretation of the 
situation was complicated by the lack of clarity regarding the roles and responsibilities 
of the agencies concerned. For example:
• the network of PCSIR laboratories nationally represented a major analytical 
resource strongly focused upon research;
• within the health sector the NIH laboratory, Islamabad, played a lead role, but 
because of the relatively low level of activity by the health sector in drinking 
water quality surveillance, this role was not optimised and the laboratory was not 
adequately equipped to perform a reference role; other laboratory facilities within 
the health sector also undertook significant numbers of analyses of drinking water;
• the role of EPA laboratories continued to evolve. The PEPA laboratory in 
Islamabad was under construction and was being equipped to a level which would 
enable it to perform a major role, particularly in pollution control; the role of the 
separate provincial EPA laboratories was less clear, not least because there was a 
strong rationale for them not to further duplicate existing laboratory facilities, but 
to establish effective collaboration in monitoring
• PHED laboratory infrastructure was poorly developed and this situation was 
aggravated by poor clarification of the role the PHEDs should play in testing and 
monitoring and their evolving role in construction versus operation and 
maintenance
• the level of laboratory infrastructure in the various WAS As and Local Bodies 
varied extremely widely from non-existent in the smaller authorities to adequate 
and well-used in the case of KWSB of Karachi Metropolitan Council.
Nevertheless in some cases this infrastructure was not optimally used and was not 
well-focused upon public health or operational priorities. Furthermore there was little
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or no effective co-ordination between laboratories and analytical quality control was 
not practised or was rudimentary
It was conspicuous that the infrastructure to undertake basic hygiene-related analysis 
was particularly poorly developed. Existing laboratories focused their activity on 
comprehensive chemical analysis.
The principal factors limiting the effectiveness of laboratories undertaking water 
quality analysis were assessed as inadequate equipment and inadequate quantity of 
staff and of staff training (see section on training).
Whilst several of the laboratories that were visited cited their desire to establish 
sophisticated analyses, such as for heavy metals by atomic absorption 
spectrophotometry or organics in water by gas chromatography at a national level, this 
was considered a research and not routine monitoring activity. In the short term this 
could have been reasonably serviced by the then-existing facilities in PCSIR and in 
the longer term this analytical capacity should have been established at NIH using 
existing equipment.
The proposed EHAP referred to the need to establish a network of laboratories and 
cited the need for analytical quality control. It also noted that many laboratories were 
involved in environmental monitoring and that these needed to ensure that the data 
they produced was reliable. It also cited inadequate equipment and staffing, deficient 
quality control and a lack of inter-laboratory calibration.
A4.12 Actual Level of Monitoring Activity
The actual level of drinking water quality monitoring of all types - whether quality 
control by the major supply agencies or independent surveillance by the Ministry of 
Health was typically low, although exceptions to this existed.
Of particular note were the failure of even major supply agencies to adequately link 
results of monitoring to programmes of maintenance and repair and the almost 
complete lack of use of sanitary inspection as a component of quality control and 
surveillance.
A4.13 Staffing and Training for Water Quality Monitoring
Because of the low level of routine water quality control and surveillance 
implementation nationally, total staff involved in this activity were relatively few. 
Whilst training opportunities were correspondingly few, those that existed were not, 
in general, over-subscribed due to low demand. The author was unable to visit more 
than a representative sample of training institutions and made the following 
assessment based upon this:
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A4.13.1 Post-graduate training
There were two courses orientated towards engineers in the environment field in 
Pakistan:
• the Institute of Public Health Engineering and Research of the University of 
Engineering and Technology at Lahore offered an MSc in Public Health 
Engineering;
• the Institute of Environmental Engineering and Research at the NED University, 
Karachi, offered an MSc in Environmental Engineering, although the drinking 
water component of this course is small. The course was only available on a part 
time basis.
Between them these two courses produced about 35 engineers qualified to post­
graduate level per annum. Neither course was over-subscribed and it was judged 
unlikely that this figure would increase beyond 40 in the foreseeable future unless a 
major change in demand for this type of qualification occured.
There was only one institution offering post-graduate qualifications to doctors in the 
field of environmental or public health - the College of Community Medicine at 
Lahore. The College offered the following courses:
• a diploma in public health (DPH) which was awarded, on average, to 30 students 
each year, most of whom were senior medical officers with significant experience 
and who wished to progress to become District Health Officers. The course 
therefore included elements of management. Environmental health, including 
water supply, comprised a significant component of the course.
• An MPhil in Community medicine for which a student must have studied 
Community Medicine as a major subject and two minor subjects fi-om a list of 15, 
one of which was Environmental Health Sciences.
• Fellowship and Membership of the College of Physicians and Surgeons of 
Pakistan in Community Medicine. This qualification was principally for those 
who intended to teach in the field.
These were full-time courses. The MPhil and Fellowship courses were higher levels 
of award. Both were awarded to few students and were of two years duration.
The Department of Environmental Planning and Management of Peshawar University 
was said to have recently started work on a course in environmental health planning.
There was a proposal to establish a national University of Science and Technology to 
include a large Department of Environmental Science and Technology. The proposed 
University would be located on a new campus site, but be based on the existing 
(army) National College of Science and Technology and was intended to be a joint 
venture between the military, public and private sectors.
A4.13.2 Technician training
The national sector profile (Anon, 1986) mentioned ‘the lack o f general programmes 
o f technical training for the sector ’ as an issue.
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The only public institution nationally offering technician-level training relevant to the 
subject of the report was the College of Community Medicine, Lahore. Two ‘para- 
medial’ courses were offered:
• certificate for sanitary inspectors which was followed by a total of about 100 
students annually. On qualification students received a recognised qualification 
(Sanitary Inspectors Certificate) and entered various fields of environmental 
health, mostly employed by Municipalities, Health Departments and WASAs. 
Themes covered included general hygiene, rural hygiene, and minor sanitary 
engineering; all of which included a significant drinking water component. The 
course included substantial field training.
• Certificate for Laboratory Technicians which was followed by about 30 students 
per year and was of 1.5 years duration. Although the course touched upon 
environmental health it had a medical emphasis and most students were employed 
in the medical field.
In response to pressure fi-om external funding agencies, several WASAs had instigated 
reforms (in fields such as financial management) and had organised in-house training 
for both technical and senior staff. This was the case in Karachi, Lahore, Faisalabad, 
Peshawar and Quetta for example. However there is no federal or other authority 
which co-ordinated amongst the various WASAs for training.
A4.13.3 Training of trainers
The proposed EHAP noted the need to create a core of trained staff to act as trainers to 
conduct local training courses. No progress seemed to have been made in this regard, 
although with updating, staff of NIH, the College of Community Medicine and the 
Institute for Public Health Engineering and research could have played this role.
A4.13.4 Refresher courses and specific training on drinking water quality
No public institutions were offering this type of training in this field as a mater of 
course, although several were capable of doing so (as noted above) and would 
probably have done so were there sufficient demand. WHO had organised some 
courses for laboratory staff
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Annex 5: Peru I
A Governmental Programme for 
Monitoring and Improvement 
of Rural Water Supplies
in Peru
This case study concerns the implementation of a large-scale rural water supply 
monitoring programme by the Ministry of Health (which was also involved in water 
supply construction). This work included the development of the Peruvian National 
Plan for Water Supply Surveillance (Gobiemo del Peru, 1988).
A detailed description of the programme has been published as ‘Surveillance and 
Improvement of Peruvian Drinking-water Supplies (Lloyd et al 1991).
A5.1 Introduction
The Peruvian Water Supply Surveillance Programme represented a comprehensive 
effort to establish routine assessment procedures for water supply services in both 
rural and urban sectors in Peru. The Programme differed from previously attempted 
quality control programmes in less-developed countries in two significant ways: 
firstly a major objective included the development of strategies for linking the outputs 
of monitoring to prioritised remedial measures where problems were identified. 
Secondly, the separate but complementary roles of water supply agency and health 
authority were accepted and intensive effort devoted to developing these roles in order 
to maximise the benefits of water supply surveillance.
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A5.2 Area and population
The surveillance agency and rural construction agency at national level (DITESA and 
DISABAR respectively) agreed on the choice of the Central Region of Peru (then 
Health Region XIII of Junin - Huancavelica) as the pilot project area. This region had 
previously served as the pilot area of the National Plan for Basic Rural Sanitation and 
therefore contained considerable and varied rural water supply infrastructure (Comite 
Nacional de Coordinacon de Saneamiento Basico, 1986). In addition it varied both in 
geography and population, including highlands, high plains, high and low jungle, rich 
valleys dedicated to agriculture and areas of intensive mining and smelting. The area 
included three Departments, two typical of the country and the third, Huancavelica, 
being the least developed of all. It had a total surface area of 70,487Km2. Most of 
the population of the pilot project area lived in the fertile Mantaro Valley in the Seirra, 
3000 - 4000 metres above sea level.
A5.3 Institutional Context
Institutional arrangements both at national and regional levels suffered a series of 
frmdamental changes during the period of the project described here. Until 1985 the 
health administration of Peru was divided into health regions divided into hospital 
areas. In 1986 the 16 Health Regions of Peru were replaced by 56 health areas, 
closely corresponding to the previous hospital areas (ie sub-areas of the health 
regions). In 1987 the hospital areas were superseded by Health Departments.
In parallel with these changes, at central level in the Ministry of Health, DIGEMA 
(the General Directorate for the Environment) was divided into the DISABAR 
(Directorate for Basic Rural Sanitation) and DIGEMA’s technical functions which 
gave rise to DITESA (the Technical Directorate for Environmental Health. Whilst 
these changes separated conceptually the surveillance and construction functions, at 
operational level the two converged and the engineer responsible for rural water 
supply construction at regional level was also the head of environmental health, 
responsible for motoring his own undertaking. Finally, the diverse agencies 
concerned with both urban and rural aspects of basic sanitation were co-ordinated 
through CONCOSAB: the National Committee for the Co-ordination of Basic 
Sanitation.
Because of the rapid and frequent changes little meaningful institutional analysis of 
this case study is possible. Local surveillance teams based in provincial hospitals were 
chosen to incorporate environmental health technicians and in some cases laboratory 
staff, a total of 35 staff in nine locations comprised the teams. The surveillance teams 
included an area co-ordinator.
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A5.4 Water Supply Context
Water supply to highland rural communities in Peru was principally through piped 
supplies. Rainfall was highly seasonal and where surface water was available it was 
used for irrigated agriculture and irrigation canals are widespread. Small springs 
typically yielding water of high quality were relatively common and the predominant 
means of supply was through gravity-fed systems from protected spring sources.
A5.5 Training and Human Resource Development
Vocational training for environmental health technicians in Peru was reduced in the 
1980s from two years to six months. Additional training for surveillance was therefore 
provided for staff involved in the Programme. Training was both through intensive 
courses and field supervision. Topics covered during initial training included: water 
supply and treatment; critical parameter water quality analysis; sanitary inspection; 
surveillance planning; and interacting with community members. Supervision was 
used especially to provide follow-up training concerning sanitary inspection, on site 
water quality testing and interaction with communities.
A total of eight training courses for environmental health technicians were run during 
the course of the Programme. The content and duration of the courses were tailored to 
meet requirements; for example, rural and urban methodologies were distinct and new 
training requirements were identified as the Programme evolved. Training courses 
were evaluated and the experiences integrated into a standard two week training 
module for environmental health technicians comprising formal lectures, 
demonstrations, group-work and laboratory and field practicals.
Further training was provided by accompanying technicians during fieldwork in 1986. 
This undoubtedly contributed to the success of training at this time. During 1987, the 
author was sometimes accompanied by DITESA personnel on these supervisory visits 
but it rapidly became evident that this high input from professional staff would not be 
sustained, nor would this be a cost-effective means of providing decentralised 
supervision for a national programme. An intermediate supervisory tier of 
Programme staff was therefore created and given additional responsibility for 
reporting at regional level, field training and supervision of technicians.
With subsequent Programme expansion and institutional development activities a 
further educational package was required: for high-level surveillance managers 
(national and regional directors) and for mid-level managers in the health and water 
supply sectors e.g. Programme co-ordinators and regional supervisors. This module 
was designed to promote awareness of Programme objectives and outputs. It was 
therefore a mechanism for increasing understanding of the Programme by directors 
and managers of health and water supply sectors in order to enhance the adoption of 
appropriate remedial strategies. Staff at this level were unable to dedicate protracted 
periods exclusively to the Programme and due to the continual relocation of staff it 
was necessary to provide a summary of the programme on each occasion that a
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meeting was held. This module was therefore designed as a half-day workshop 
divided into three sessions. The first sessions comprised a summary of the National 
Surveillance Plan, and covered the importance of water supply for health, the 
definition of surveillance and how it contributes to health improvement, and the 
objectives and strategy for development of surveillance in Peru. This was followed by 
a one-hour discussion of surveillance findings regionally or nationally (depending on 
the area(s) of responsibility of those attending the meeting). The final session of one 
hour was then dedicated to discussing the findings, their health implications and 
remedial strategies.
A5.6 Methodological Development
A systematic approach to the identification of deficiencies in water supply services 
was adopted which has been reported previously (Bartram 1990; Lloyd and Bartram 
1990).
Three particular methodological elements merit specific note:
• the development of a water supply surveillance scheme which was based upon five 
indicators of service quality: quality, quantity, coverage, cost and continuity;
• the development of a risk assessment procedure based on systematic sanitary 
inspection and analysis; and
• the field testing of portable equipment for water quality analysis.
The surveillance teams included an area co-ordinator and were responsible initially for 
gathering basic data in order to prepare inventories of their area. The teams:
• recorded the population in each community and town;
• summarised the known existing water supply systems from the water supply 
agency archives; and
• identified water supply systems not registered by the supply agencies (for instance 
those constructed by the community itself or with support of NGOs)
A5.6.1 Developing report forms
Sanitary survey forms were designed for each type of supply system (gravity fed 
without treatment, gravity fed with treatment and pumped without treatment). The 
objective was to establish a standardised inspection and reporting system which could 
be rapidly but accurately completed on-site at the same time that sampling and water 
quality analysis were carried out. The report forms were intended to serve several 
purposes:
• identify potential sources of contamination of the supply;
• standardise the work and responses of the sanitary technicians to enable data 
analysis to be undertaken;
• quantify the susceptibility to contamination of each facility; and
• provide a record for the local surveillance supervisor, as to the remedial action 
which was required.
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The surveillance methods initially employed in the rural sector were based on the 
WHO Guidelines for Drinking Water Quality Volume 3 (1984). These were found to 
be of limited applicability in Peru. The model report forms were too long, poorly 
structured, and open to varied interpretation by technicians in the field. They also 
gave insufficient emphasis to the water supply service indicators of quantity, 
continuity, coverage and cost. Revised field methods and report forms were devised 
in 1986 and field tested during 1987.
Each form was developed during workshop sessions with field staff, field tested, 
reviewed and used at a large scale with intensive supervision. After one full annual 
cycle, further workshop-based revision was carried out.
A5.6.2 Initial community visits
On-site, the environmental health technicians first contacted the community 
authorities and then completed the checklist on the report form with the assistance of 
the operator or community representative.
The visits began in the community itself with a group of questions to the community 
authorities to ascertain details of coverage and also of the administration, operation 
and maintenance of the system. Household visits enabled both on-site analysis of 
water quality in the distribution network as well as interviews to investigate coverage, 
continuity of supply and water use habits within the household. The visit then 
proceeded to include a systematic inspection of identified points of risk of the entire 
supply system including source, conduction lines and reservoir using the field report 
forms.
On-site testing using portable test kits based on standard methods has been described 
elsewhere (Lloyd, Pardon and Bartram, 1987). The importance of quantitative 
analysis of faecal indicator bacteria e.g. thermotolerant (faecal) coliforms to enable 
prioritisation on the basis of health risk was considered high and under-pinned the 
analytical approach adopted. Experience demonstrated that sanitary technicians could 
be readily trained to undertake thermotolerantr coliform analysis in the field using the 
field testing equipment employed in this programme.
A5.7 Data Handling and Analysis
An information management and reporting system was developed. This was based on 
the 3-tier concept proposed by WHO (1984) for water quality data but modified to 
incorporate two important additional reporting levels: on-the-spot reporting to the 
community water committees (both of sanitary inspection and water quality results) 
and overview reporting to the agency responsible for determining priorities for 
investment in the water supply sector. In Peru this was the inter-ministry National 
Committee for the Co-ordination of Basic Sanitation (CONCOSAB). At local level, 
especially in the rural sector, use of portable testing equipment enabled on-the-spot 
reporting to both community water committees and the community authorities. This
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was especially important in areas where results could not effectively be sent on and 
had to be delivered by hand.
Requirements for data management at national level were distinct from those at local 
and regional levels. Local and regional levels prioritised activities by system or 
community. National level data management had to orientate policy and investment. 
It was therefore necessary to analyse trends by region, supply type and population 
size. Due to the volume of data involved, computerisation was required. A 
preliminary database was designed in 1987 and used for analysis of the data from the 
central region. The database underwent revision during 1988 and 1989. The database 
incorporated a total of 12 reporting options. It also incorporated a number of features 
useful to the regional offices such as the facility to produce reports for local supply 
agencies.
The majority of rural supplies in Peru were unchlorinated and it was therefore likely 
that they would contain large numbers bacteria with limited faecal significance 
(including, for example, total coliforms). A bacteriological classification scheme was 
developed which was based on increasing degrees of thermotolerant coliform 
contamination.
The most important outcome of the risk assessment approach was the ranking of risk 
for a collection of sources and systems. This contributed to the assessment of degree 
of urgency for preventive and remedial action.
The procedures described here were applied in pilot projects in Peru for the first time 
in the period 1985/1988. Systems were classified into levels of action to form the 
basis of a rational strategy for prioritising remedial action:
• Very high risk and hence urgent remedial action
• Intermediate to high risk requiring action as soon as resources permit.
• Low risk; low priority for action.
• No risk; no action.
The information generated was also consolidated and details added to an inventory of 
supply systems. Data which was available through the inventory included the 
parameters of coverage, quality, quantity, continuity and cost. In addition, 
information regarding administration and operation and maintenance was included. 
Where appropriate, these were supplemented with details of collection and transport, 
household treatment and storage.
A5.8 Reporting and Facilitation of Remedial Actions
In the rural sector, the variable institutional arrangements complicated reporting. A 
community drinking water committee was generally responsible for an individual 
supply. These committees were often established by DISABAR with the main 
objectives of promoting community participation during the construction stage, partial 
cost recovery and subsequent administrative responsibility for the service. They
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received little training and supervision and their capacity for direct involvement in 
improvement was limited. Reporting the results of surveillance directly to the 
community authorities was carried out.
Rehabilitation and improvement of supplies was undertaken by various construction 
agencies, most importantly DISABAR and NGOs such as CARE, to whom 
surveillance results were also reported. Reporting to these agencies was also 
orientated towards prioritisation of communities for intervention and therefore based 
on yearly overviews which summarised the five water supply service indicators for 
each community.
Severe problems with rural water treatment were identified through pilot scale 
monitoring and assessment. A series of pilot demonstration plants incorporating a 
pre-treatment technology new to the country were constructed. There was 
considerable initial resistance to this work by the governmental construction agency 
and it is likely that the continuation of the work at this stage was related to pressure 
from a major international agency, defended by the findings of the initial study. As a 
result much activity was undertaken without involvement of that agency by external 
consultants and an NGO.
The NGO linkage is significant in that they were uninvolved in the generation of the 
initial data from monitoring and assessment but were prepared to act on its general 
conclusions and also initiated a local survey using similar methods in their area of 
activity.
The second phase of monitoring quantified the extent of the problem and reinforced 
the conclusions of the initial study regarding rural water treatment. Results were 
disseminated with the involvement of the Minsitry of Health. The governmental 
construction agency (DISABAR, also part of the Ministry of Health) subsequently:
• paralysed construction of all rural water treatment plants;
• provided training for its regional engineers in an appropriate technology; and
• subsequently reinitiated rural water treatment plant construction.
Furthermore, certain regional engineers adopted rehabilitation of existing water 
treatment systems using the new technology
A5.9 Laws, Regulations and Standards
Under Peruvian Law there were provisions for the protection of drinking water 
sources, the treatment of drinking water and the surveillance of drinking water quality 
(Ley de Aguas 13997; Codigo Sanitario 17405 and Codigo Sanitario de Alimentos DL 
102/03)
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A5.10 Indicators of Sustainability
This case study is of some value in that a predetermined approach to the 
progressive/incremental increase in surveillance coverage was developed and applied. 
Whilst described here it is impossible to analyse the experience in terms of 
sustainability since programme management was disrupted in the years following 
conclusion of external support.
The approach adopted was to commence with a preliminary survey of a limited 
number of systems. Following evaluation and revision of methods this was expanded 
into a pilot project also followed by evaluation. Subsequently expansion and 
replication throughout a Department or Region was undertaken and finally national 
replication was planned.
The frequency of surveillance visits was similarly to be gradually increased during 
phased implementation. A baseline of one visit per system per year was selected in 
order to enable the preparation of yearly summary reports. While this frequency was 
thought to be suitable for sanitary inspection of small water supply systems, it was 
considered inadequate in the long term.
The experience gained in preliminary phases was consolidated into a draft 
surveillance procedures manual in October 1988. Following substantial revision, this 
was printed in limited quantities and distributed for field evaluation. Final revision 
was undertaken in April 1990, resulting in a three Volume manual organised into nine 
modules covering surveillance theory, planning, information gathering and 
management, data processing and quality assurance, water quality standards, and 
sampling and analytical methods (Gobiemo del Pern, 1990a; Gobiemo del Pern, 
1990b; Gobiemo del Peru, 1990c).
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Annex 6: Peru II
Water Supply Assessment by a 
Self-help Development 
Association in 
Rural Peru
A6.1 Introduction
A self-help development association of jungle Indian communities had initiated 
various activities in water supply and sanitation. A team of staff had been designated 
as 'monitors' for these activities but had no materials or strategies with which to 
approach their work. The principal external support agency operating with the 
association had no clear policy or strategy for this field but recognised its importance. 
A month of direct field work was undertaken to make an assessment of the work 
undertaken and to assist the development of materials and approaches for the 
monitors. Monitoring and assessment work was carried out with and through the team 
of'monitors' who were responsible for environmental health monitoring and follow-up 
in the region.
A description of this work has been published previously (Bartram and Johns 1988).
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A6.2 Area and Population
The jurisdiction of the Consejo Aguaruna y Huambisa (CAH) covers an area of 
around 22,000 Km2 in the north eastern jungle of Peru. The population of around
35.000 is of the ‘Jivaro’ ethno-linguistic group (approximately 28,000 Aguaruna and
7.000 Huambisa) which is dispersed in northern Peru and southern Ecuador. The 
population traditionally lived in dispersed extended family groups which relocated 
relatively frequently. In recent years the population had tended to nucléarisé and form 
more stable settlements of 100 - 1,000 persons along the banks of the five principal 
rivers (the Maranon and its tributaries the Chiriaco, Nieva, Cenepa and Santiago). 
Travel and transport is by river and on foot. Consequences of the increased 
nuclearisation include competition and over-use of environmental resources around 
the settlements (especially game and soil) and increasing problems of environmental 
sanitation in and around the settlements.
Despite the presence of a dedicated health programme (see below), information on 
health status is extremely scarce. Based upon a brief review of available information 
it was concluded that:
• the most important health concerns were related to gastrointestinal and respiratory 
disease (infections); and
• the health programme had made no fundamental change in the health status of the 
population.
A6.3 Institutional Context
The CAH was formed in 1977 and operated through a series of programmes, including 
one on health. The CAH and its health programme in particular had benefited from 
international support fi-om a range of charities since their formation.
The CAH health programme was unusual in that it had received the recognition of the 
national Ministry of Health and had effectively inverted the traditional hierarchy: the 
highest authority of the programme is the Assembly of ‘Sanitarios’ (literally 
‘sanitarians’, the local voluntary primary health care worker based in their own 
communities). The health programme was staffed by 119 sanitarios (70 in health 
posts, the remainder operating without), five health centres (one on each of the five 
rivers, each with a supervisor and laboratory worker) and an elected programme 
director.
The post of laboratory worker had been relatively recently established and included 
responsibility for an (at that time) as yet undefined drinking water programme.
The sanitarios were responsible for all aspects of the programme in their community, 
including diagnosis and treatment, education on nutrition and preventive aspects, 
vaccination campaigns, environmental sanitation and were, in some cases, active in 
other areas such as organising fish farming and chicken rearing.
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At the time of the authors contact with the programme, it also benefited from a long 
term (three year) presence of two doctors and one laboratory worker sponsored by an 
outside charity.
A6.4 Water Supply Context
Interest in establishing a water component to the health programme had begun with 
mothers in 1985. Women were responsible for (drinking) water management, 
including collection, transport, storage and, when practised, household treatment.
Little was known about the provision of drinking water in the zone except anecdotal 
evidence that only one piped supply existed. Most of the population collected water 
from springs, ‘quebradas’ (strictly a rocky steep upland stream, but used in the zone 
to mean any course of water except the principal rivers) and rivers; that protected 
sources were rare.
A6.5 External Support and Interventions
During 1987 the CAH requested assistance with the assessment of the environmental 
sanitation situation in their area and advice on remedial measures, Drinking water 
was a highly perceived need and formed an important component of the work.
A series of preliminary meetings and discussions outside the area (which is difficult to 
access) was held over the course of a year and these resulted in some preparatory 
activities. In October/November 1987 local staff were assisted in the development 
and implementation of a rapid assessment using monitoring methods and around two 
months of direct supervision and field work in the area were undertaken to assist this. 
Contact with the CAH was maintained for more than one year after this and limited 
training support provided on request in spring protection. The continued contact 
allowed an assessment of the impact of the work and its results on activities.
A6.6 Methodological Development
The principal objective of the work was to define priorities at regional level and based 
upon these to propose objectives and activities to improve the situation.
The work was undertaken in close co-operation with four of the (‘laboratory’) 
technicians of the health centres and the CAH laboratory supervisor. It addressed 
aspects of drinking water, excreta disposal and household hygiene. Only the first of 
these is discussed here.
Relatively little was known about the state of water supply except that little 
infrastructure was thought to exist. The approach adopted therefore focused upon 
defining actual and potential means of provision of drinking water. Water quality
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analysis was planned and inspection of any protected sources was undertaken on an ad 
hoc basis when encountered.
The sanitary inspection forms used in other parts of Peru were discussed with local 
staff and a draft suitable for use in the zone prepared, expanding elements related to 
reviewing existing sources and reducing those related to the evaluation of existing 
infrastructure. This built also upon experience from elsewhere in Peru and therefore 
incorporated many of the concepts described under ‘Peru T. One community was 
visited with this form and informal visits to water sources and households made. On 
the basis of this limited field testing the form was revised and then used for the 
remainder of the assessment.
For water quality analysis portable water testing equipment was employed. The 
technicians had received some training in the use of the kit prior to the visit from the 
external laboratory advisor. On-the-spot evaluation of the technicians competence in 
the use of the testing equipment on arrival in the zone revealed deficiencies and half a 
day was spent in providing practical demonstrations and hands-on experience.
Analysis during the remainder of the period was undertaken by the technicians and 
observed and by the end of the period of supervision all were competent in the 
procedures required.
The programme of visits was planned as far as was possible under prevailing transport 
conditions. Sanitarios were warned some time in advance of the visit without specific 
timings and, in most cases, had discussed it with community leaders.
A total of 39 of the 119 principal communities in the area was visited. In two no 
inspection or analysis were performed because all members of the community were 
absent (tending remote chacras). Community selection was not random but dictated 
by travel constraints and demand from the Programme’s managers. In particular one 
section of the Nieva sector could not be visited due to problems of water level.
In each community visited contact was made with the community authority and with 
the sanitario. With the sanitario visits were made to a sample of households and to a 
selection of water sources. Selection of households was not random, in part because 
no practical means to achieve this in the available time was identified and in part 
because pressures from within the community prevented such a rigid approach. 
Inspection of both water sources and households was by direct observation.
The four technicians worked together to complete the sanitary inspection form and 
undertake water quality analysis. The author observed both inspections and water 
quality analysis and discussed errors and inconsistencies with the technicians between 
household/ community visits.
The results of both sanitary inspection recorded and presented in subsequent sections 
of this thesis represent the consensus view of the technicians. The quality of the water 
quality data was considered poor in substantial proportion and for this reason was not 
used in further analysis.
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The results of the assessment were presented by the technicians at the Assembly of 
Sanitarios, following which they requested the Health Programme Director to seek 
external support for expanded work in this area. The report (Bartram, 1987) was 
submitted to the external support agency supporting the programme and well received.
During subsequent months, a request for training support in the protection of spring 
sources was received by and responded to and a formal request made by the Health 
Programme to recruit a water specialist to support the programme. Following the 
practical training in spring protection a model spring protection was constructed by 
the group of technicians in the central community for the programme for 
demonstration purposes and that further springs were protected by each of the 
technicians. The response for external support lead to recruitment of a water specialist 
who began work on the programme in late 1988.
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Annex 7: Romania
A Governmental Assessment 
of Rural Water Supply
in Romania
A7.1 Introduction
This case study concerns a public sector assessment approach to rural water supply. It 
began in 1994 as part of an integrated programme on environment and health. The 
main aim of the programme was to foster dialogue between the Romanian Ministry of 
Health and the Romanian Ministry of Water, Forestry and Environmental Protection.
A7.2 Area and Population
The population living in rural areas represents 46.8 per cent of the total population of 
Romania
A7.3 Water Supply Context
Drinking water supply to rural areas was principally through shallow wells of five to 
20 metres depth. Previous studies had indicated that levels of nitrates, organochlorine 
pesticides and total coliforms higher than the maximum admissible concentrations 
(according to State Standard 1342/1991, which coincided with WHO Guideline 
Values for drinking water quality as published in the first edition, WHO, 1985).
277
Nitrate contamination of household wells in rural areas was a well-recognised 
problem. Two thousand cases of methaemoglobinaemia including 62 deaths were 
reported between 1985 and 1991. In 389 of these the source of water used was 
investigated and in 66 per cent of these well water had both a high nitrate content and 
poor microbiological quality.
A7.4 External Support and Interventions
External support was limited to initial orientation through discussion and provision of 
limited equipment and consumables. One national workshop was held to discuss the 
national situation with regard to drinking water supply and quality and this included a 
review of the experience with the pilot study.
A7.5 Methodological Development
This study is unusual in that the method adopted an assessment approach. Three 
phases were proposed as follows:
Action O utput
Preparatory Phase
•  collect data regarding the number of wells and • stratified sample o f wells for investigation
population in all villages • characterisation o f wells in terms o f sanitary
• collect data at national level about wells and status and water quality
their hygienic status • overview o f national situation
Pilot stucfy (one village)
•  sanitary inspection of wells • validation o f methodology
• measurement o f well water quality • guidelines for implementing case studies
• data collection n selected health indicators
Case Studies
detailed sanitary inspection of wells description o f health risks
analysis of well water quality analysis of technical alternatives
collection of health indicators
It was envisaged at the time of commencement that the timetable for completion of the 
study would be of the order of six months for pilot testing and 12 months for the 
national study and case studies in parallel, thus enabling a full annual cycle of 
monitoring in selected locations in order to investigate the impact of seasonality.
The sanitary inspection procedure used was modified from that previously employed 
in the former administration. Training was provided to those undertaking the sanitary 
inspection and the forms designed to minimise interpretation bias between 
respondents. The form required both interviewing and direct observation.
Water quality samples were taken only once. For the purposes of the pilot study, all 
samples were transported to the national laboratory and analysed there on receipt.
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Annex 8: Yemen
Status Assessment for Yemen
In 1993 a series of national status assessments of drinking water quality monitoring in 
Egypt, Pakistan and Yemen were prepared on behalf of the East Mediterranean 
Regional Office of the World Health Organization (Bartram, 1993a; Bartram, 1993b; 
Bartram 1993c; Bartram, 1993d). This activity involved observation of current 
practice through interviews with national, regional and local level staff, field visits 
and visits to laboratories and offices of environmental inspection agencies and training 
agencies.
The aspects relevant to rural water supply monitoring fi-om the three studies are 
presented as separate annexes here and provide insights into the organisation and 
practice of drinking water supply monitoring in the three States concerned.
A8.1 Introduction
The Republic of Yemen was formed on 22 May 1990 fi*om the merger of the former 
Yemen Arab Republic (‘North Yemen’) and the Peoples Democratic Republic of 
Yemen (‘South Yemen’). Elections had been held in April 1993 and the 
administration and state organisation were still in the process of development. In part 
because of this there were conspicuous gaps in basic infi’astmcture of some 
institutions outside the capital or the North.
The young country was classified as one of the least developed globally (the World 
Bank estimated GNP per capita as US$540 in 1991) and this situation was 
exacerbated by the reaction of the Arab States and the West during and following the 
Gulf crisis. The lack of remittances fi-om ex-patriate labour had had an effect and the
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country relied heavily on external assistance in some fields - notably health, water 
supply and sanitation; similarly an influx of Somali refugees was judged to have been 
likely to have had a detrimental effect.
A8.2 Area and Population
There was a great discrepancy in population figures quoted for the Yemen. This was 
in part due to lack of data, particularly from the south following unification but also 
due to confusion with earlier statistics regarding the status of the ex patriate workforce 
and more recently due to the influx of refugees from Somalia. A total population for 
the country of the order of 13-14 millions was estimated, with up to 1.2 million 
living in the capital Sana’a. Although the urban population was growing rapidly, 
around 80 per cent of the population was considered rural.
The land area of the Republic of Yemen was approximately 555,000 square kilometers 
and could be divided into the coastal flatlands (Tihama), mountainous areas and 
desert. These three types of geography occupied 25, 60 and 15 per cent of the land 
area respectively. The rugged topography, scattered settlement pattern and high rural 
population make the provision of any services to the rural population difficult.
A8.3 Institutional Context
The country was divided administratively into Govemorates, the number of which 
was quoted variously as 16 to 18. The Govemorates were in turn divided into 
Municipalities
A8.4 Water Supply Context
Estimates of the population with safe drinking water were quoted at 85 to 90 per cent 
for the urban sector and 30 to 50 per cent for the rural sector (see for example UNDP, 
1993 and WHO, 1989) These ‘coverage’ figures were based on the population 
intended to benefit from ‘improved’ water supplies. Although no reliable data were 
available, it appeared likely that around 5,000 rural water supplies had been 
constructed by the various agencies throughout the unified country and it was 
estimated that there were of the order of 25,000 wells in the former YAR (‘North 
Yemen’). Whether all of this infrastructure was operational was questionable and the 
rural coverage figure especially was therefore considered likely to be an optimistic 
estimate.
Much of the population, especially in rural areas relies on unimproved water sources, 
some of which take non-conventional forms such as bunded wadis (kafirs) and 
collection of rainwater from hard surfaces such as roofs (both especially in the south.
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A8.5 W ater Quality Context
Health statistics regarding water-related disease were not readily available but high 
rates of diseases associated with inadequate water supply and quality were said to be 
common. It appeared likely that faecally-contaminated drinking water was a 
significant cause of disease. The only chemical contaminant having a health impact 
nationally was fluoride. There was said to be a high incidence of dental fluorosis in 
some areas and concentrations in drinking water in some sources considerably 
exceeded the WHO Guideline Value.
In the great majority of institutions interviewed it was stated that water quality was a 
priority and should receive increased attention
A8.6 National Policy and Strategy
There was no national policy or strategy document incorporating drinking water in 
general or drinking water quality in particular. A National Environmental Action Plan 
was being developed, although it was unclear whether this would include drinking 
water supply and quality.
A8.7 Institutions with a Role in Water Quality Monitoring
A limited number of key institutions could be readily identified in Yemen as follows:
• one agency with overall responsibility for policy planning and co-ordination for 
environmental matters with direct accountability to the Council of Ministers - the 
Environment Protection Council (EPC);
• one urban water supply agency - the National Water and Sanitation Authority 
(NWSA);
• an agency responsible for design and construction of rural water supplies - the 
general Authority for Rural Electricity and Water (GAREW). After construction, 
systems were handed over to the community for subsequent operation and 
maintenance and GAREW was not therefore a supply agency per se although it 
did have some responsibility for monitoring rural water supplies;
• an agency with responsibility for environmental control (surveillance) - the 
general Directorate of Environmental health (GDEH) of the Ministry of Housing 
and Urban Planning) which was the line Ministry associated with the 
Govemorates and Municipalities; and
• three principal training institutions: the Health Manpower Institutes in Sana’a and 
Aden and the faculties of Engineering and Medicine at the University of Sana’a.
The Ministry of Public Health played no role in environmental health, although the
Central Health Laboratory undertook limited water analysis in co-ordination with
GDEH.
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One source of information noted that 23 per cent of the basic health units were active 
in water control although none of those interviewed were aware of this and the 
statistic was open to question. According to senior sources interviewed, these PHC 
Units undertook no activities in the field of water or environmental health.
A8.8 Sector Co-ordination
Inter-institutional co-ordination was poor and ad hoc when it occurred. There was no 
agency or mechanism to support it.
The Ministry of Public Health was generally uninvolved in water quality issues and 
specifically policy and standard development and investigation of environmental 
health aspects of disease outbreaks.
There was a general lack of systematic data collection from rural areas and under­
served segments of the rural population. According to the EPC (Government of 
Yemen, 1993):
‘it has been observed that so many authorities carry out the analysis o f water without 
co-ordination between them since they do that according to the demand o f some 
individuals and authorities ’
A8.9 Laws, Regulations and Standards
As of 1992, Yemen was one of the areas where only traditional water regulations 
governed water management (Caponera, 1992).
Two draft laws to regulate water resource usage had been prepared, one by the 
Ministry of Agriculture and Water Resources and the other by the High Water 
Council. Neither had been approved. As far as it was possible to discern, there were 
no current laws and regulations governing water supply or codes of practice for 
construction.
Draft drinking water quality standards had recently been prepared by the EPC in 
consultation with other sector institutions. The EPC report which presents the water 
and wastewater quality guidelines (Government of Yemen, 1993) included the 
following recommendations:
‘Recommendations
L The Environment protection law should be issued soon since it is the only
environmental legislation that regulates the environmental activities. According 
to this law other environmental related legislation specially those related to water 
can be issued
2. preparation o f the water and sewage system law
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3. Issue o f the different laws and legislations that ensure the application of the 
environment standards
4. Support NWSA labs. And provide the equipments needed to ensure complete 
water analysis including the physical analysis. The need for training the nationals 
at all levels in this field
5. Co-ordination between the concerned authorities and the preparation o f common 
references to undertake the analysis at the requiredfrequency
6. the analysis should include the private and public wells the rural areas and sub­
cities
7. Issue the standards related to the methods o f physical, chemical and microbial 
analysis
8. The needfor a hydrochemical map o f the RoY
9. the need o f training programmes for laboratory sta ff (sic)
The standards themselves (Government of Yemen 1993b) include not only 
concentrations not to be exceeded but also sampling methods and sample storage 
needs, requirements for disinfection (chlorination), special considerations for 
emergency situations; frequency and numbers of samples to be taken; approved 
analytical methods; and reporting formats.
The document should be viewed as provisional and as setting initial guidelines for 
activities. There was insufficient experience in water quality monitoring (except by 
the supply agency in the urban area) on which to base achievable monitoring or water 
quality targets. Furthermore, one of the institutions which should have had a key role 
in the development of drinking water quality standards - the Ministry of Public Health 
- did not participate because of lack of expertise.
A8.10 Actual Level of Monitoring Activity
Water quality monitoring was very poorly developed. While NWSA undertook 
quality control of its water - at least in the capital and to some extent elsewhere - no 
other agency was involved in routine monitoring whatsoever and no agency 
considered its monitoring remit to include deterioration of quality in households
A8.11 Staffing and Training for Water Quality Monitoring
Because of the underdevelopment of the sector it is difficult to estimate human
resource requirements both by type and quantity for the short-medium term.
Training of relevant staff was as follows:
• Health inspectors (sanitarians) 30-40 per annum. The course was in general very 
good although the curriculum had not been revised for some years, no feedback 
was received from employers and the water quality component appeared 
inadequate.
• Assistant health inspectors: occasional courses only.
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Sanitary Engineers: undergraduate and post-graduate training was coming on- 
stream with significant water quality components.
Medical Students: the intention was to integrate environmental issues into the 
curriculum.
At the level of the trainers themselves there were few with recent, post-graduate 
training in any field of the environment and none with specific post-graduate 
training in water quality.
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